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INTRODUCTION 


The Planetary Biology Program, within the Office of Space Science 
of the National Aeronautics and Space Administration, is the first and 
only Integrated program to methodically investigate the planetary 
events which may have been responsible for, or related to, the origin, 
evolution, and distribution of life in the universe. Research supported 
by this program is divided into the seven areas listed below together 
with a statement of the principal objective of each research area. 

Chemical Evolution - To understand how biologically significant 
organic molecules are synthesized under conditions presumed to have 
existed on the primitive Earth before the advent of life or which 
may presently exist on other planets. 

Organic Geochemistry - To analyze terrestrial and extraterrestrial 
material for organic molecules, biological structures, and other 
clues to the origin(s) of life on this and other planets. 

Life Detection - To develop and implement techniques to search for, 
detect, and characterize life and life-related molecules on this and 
other planets. 

Biological Adaptation - To understand the adaptive mechanisms used 
by terrestrial organisms to suirvive and/or grow in environmental 
extremes approaching those on other planets. 

Bioinstrvimentatlon - To design, develop, and test prototype 
spaceflight instruments which will be used to detect and characterize 
life and life-related molecules on the surface and in the atmosphere 
of other planets. 

Planetary Environments - To develop analytical techniques which 
measure environmental parameters on other planets which are relevant 
to the search for life. 

Origin of Life - To Identify the sequence of events leading from 
the putative complex organic milieu in the primordial terrestrial 
oceans to the origin of the first living systems. 

The arrangement of references in this bibliography follows the 
division of research described. Articles are listed alphabetically by 
author under the research area with which they are most closely related. 
Only those publications which resulted from research supported by the 
Planetary Biology Program and which bear a 1978 publication date have 
been Included. Abstracts, theses, and presentations are not Included 
because of the preliminary and abbreviated nature of the former and 
the frequent difficulty of obtaining the latter. 
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Our intent in compiling this bibliography is twofold. First, 
we would like to provide the scientific community with an annual 
listing, beginning with 1975, of current publications resulting from 
research pursued under the auspices of NASA's Planetary Biology 
Program. Secondly, we hope to stimulate the exchange of information 
and ideas among scientists working in the different areas of the 
program. To facilitate the exchange process, we have identified, by 
asterisk, the author of each publication who is presently participating 
in the program. Current addresses for all principal investigators 
are given in the Appendix. 

We wish to thank all the participants of the Planetary Biology 
Program for their cooperative response to our request for an 
enumeration of their 1978 publications. 
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Chemical Evolution 


Atreya, S.K. , T.M, Donahue, and W.R. Kuhn*. 1978. Evolution of a 
nitrogen atmosphere on Titan. Science 201: 611-613. 

Biemann*, K. and J.E. Biller* 1978. Storage and retrieval of mass 

spectral data. In: R. Hirsch, ed. Principles of Experimentation 

and Data Analysis in Chemistry . Philadelphia: Franklin Institute 
Press. 

Biemann*, K. , J.E. Biller, J. Oro, L.E. Orgel, A.O. Nier, D.M. Anderson, 

P.G. Simmonds, D. Flory, A.V. Diaz, and D. Rushneck. 1978. The search 
for organic and volatile inorganic compounds in two surface samples 
from the Chryse Planitia Region of Mars. In: C. Ponnamperuma, ed. 

Comparative Planetology . Proceedings of the College Park Colloquia 
on Chemical Evolution, College Park, Maryland, September 29 - 
October 1, 1976. New York: Academic Press. 

Bonner*, W.A. and R.M. Lemmon. 1978. Radiolysis, racemization and the 
origin of molecular as 3 mimetry in the biosphere. Journal of 
Molecular Evolution 11: 95-99. 

Bonner*, W.A. and R.M. Lemmon. 1978. Radiolysis, racemization, and 
the origin of optical activity. Bloorganlc Chemistry 7: 175-187. 

Bonner*, W.A., R.M. Lemmon, and H.P. Noyes. 1978. B Radiolysis of 

crystalline ^^C-labeled amino acids. Journal of Organic Chemistry 
43: 522. 

Bonner*, W.A. , M.A. Van Dort, and M.R. Yearian. 1978. Molecular 

chirality of life and intrinsic chirality of matter. Nature 271: 

186. 

Des Marais*, D.J. 1978. Carbon, nitrogen and sulfur in Apollo 15, 16 
and 17 rocks. In: Lunar and Planetary Science . Proceedings of the 

9th Conference, Houston, Texas, March 1978. New York: Pergamon 
Press, pp. 2451-2467. 

Des Marais*, D.J. 1978. Variable-temperature cryogenic trap for the 
separation of gas mixtures. Analytical Chemistry 50: 1405-1406. 

Draganic, I., Z. Draganic, A. Shimoyama, and C. Ponnamperuma*. 1978. 
Evidence for amino acids in hydrolysates of compounds formed by 
ionizing radiations: II. Aqueous solutions of CH 3 CN and C 2 H 5 CN. In: 

H. Noda, ed. Origin of Life . Proceedings of the Second ISSOL Meeting 
the Fifth ICOL Meeting. Tokyo: Center for Academic Publications 
Japan/Japan Scientific Societies Press, pp. 83-88. 
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Draganlc, Z. , I. Draganic, A. Shimoyama, and C. Ponnamperuma*. 1978. 
Evidence for amino acids in hydrolysates of compounds formed by 
ionizing radiations: I. Aqueous solutions of HCN, NH^CN, and NaCN. 

In: H. Noda, ed. Origin of Life . Proceedings of the Second ISSOL 

Meeting the Fifth ICOL Meeting. Tokyo: Center for Academic 
Publications Japan/Japan Scientific Societies Press, pp. 129-133. 

Epps, D.W. , E. Sherwood, J. Eichberg, and J. Oro*. 1978. Cyanamide 
mediated syntheses under plausible primitive Earth conditions. V. 

The synthesis of phosphatidlc acids. Journal of Molecular Evolution 
11: 279-292. 

Etaix, E. and L.E. Orgel*. 1978. Phosphorylation of nucleosides in 
aqueous solution using trimetaphosphate: formation of nucleoside 
triphosphates. Journal of Carbohydrates Nucleosides Nucleotides 
5(2): 91-110. 

Ferris*, J.P. 1978. Biopolymers and the origin of life. Chemistry 
51(5): 14-16. 

Ferris*, J.P. and E.H. Edelson. 1978. Chemical evolution. 31. Mechanism 
of the condensation of cyanide to HCN oligomers. Journal of Organic 
Chemistry 43: 3989-3995.’ 

Ferris*, J.P., P.C. Joshl, E.H. Edelson, and J.G. Lawless. 1978. HCN: 
a plausible source of purines, pyrimidines and amino acids on the 
primitive Earth. Journal of Molecular Evolution 11: 293-311. 

Ferris*, J.P., P.C. Joshi, and J.G. Lawless. 1978. Chemical evolution: 
XXIX. Pyrimidines from hydrogen cyanide. In: H. Noda, ed. Origin 

of Life . Proceedings of the Second ISSOL Meeting the Fifth ICOL 
Meeting. Tokyo: Center for Academic Publications Japan/Japan 
Scientific Societies Press, pp. 187-191. 

Field, G.B., G.L. Verschuur, and C. Ponnamperuma*. 1978. Cosmic 

Evolution: An Introduction to Astronomy . Boston: Houghton Mifflin, 
450 pp. 

Fitch, W.L., E.T. Everhart, and D.H. Smlth^. 1978. Characterization 
of carbon black adsorbates and artifacts formed during extraction. 
Analytical Chemistry 50: 2122-2126. 

Folsome*, C.E. Life: origin and evolution. In: The Origin of Life: 

Readings from Scientific American . San Francisco, W.H. Freeman and 
Co. 
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Hobo, T, , C. Ponnamperuma* , A.G. Hook, and B. Bonn. 1978. Lower 
molecular weight hydrocarbon formation in an open flow system 
by Fischer Tropsch reaction. In: H. Noda, ed. Origin of Life . 

Proceedings of the Second ISSOL Meeting the Fifth ICOL Meeting. 

Tokyo: Center for Academic Publications Japan/ Japan Scientific 
Societies Press, pp. 89-93. 

Khare, B.N., C. Sagan*, E.L. Bandurski, and B. Nagy. 1978. Ultra- 
violet-photoproduced organic solids synthesized under simulated 
Jovian conditions: molecular analysis. Science 199: 1199-1201. 

Lahav, N. , D. White, and S. Chang*. 1978. Peptide formation in the 
prebiotic era: thermal condensation of glycine in fluctuating clay 
environments. Science 201: 67-69. 

Leach, W.W. , D.W. Nooner, and J. Oro*. 1978. Abiotic synthesis of 

fatty acids. In: H. Noda, ed. Origin of Life . Proceedings of the 

Second ISSOL Meeting the Fifth ICOL Meeting. Tokyo: Center for 
Academic Publications Japan/Japan Scientific Societies Press, pp. 
113-122. 

Loew, G.H., D.S. Berkowitz, and S. Chang*. 1978. Candidate inter- 
stellar molecules formed from ion-molecule reactions of NO. 
Astrophysical Journal 219: 458-466. 

Lohrmann, R. and L.E. Orgel*. 1978. Formation of Px,P 2 “dinucleoside 5’- 
pyrophosphates under potentially prebiological conditions. Journal 
of Molecular Evolution 11: 17-23. 

McLean, A.D., G.H. Loew, and D.S. Berkowitz^. 1978. The barrier to 
linearity in the HNCO molecule. Journal of Molecular Spectroscopy 
72: 430-437. 

McLean, A.D. , G.H. Loew, and D.S. Berkowitz^. 1978. HNO”^ and NOff^ 

potential energy surfaces for the lowest two electronic states in- 
cluding the barrier to isomerization. Molecular Physics 36:1359-1372. 

Mizutani, H. and C. Ponnamperuma* . 1978. The effect of polynucleotides 

on the dimerization of glycine. In: H. Noda, ed. Origin of Life . 

Proceedings of the Second ISSOL Meeting the Fifth ICOL Meeting. 

Tokyo: Center for Academic Publications Japan/Japan Scientific 
Societies Press, pp. 273-277. 

Morss, D.A. and W.R. Kuhn*. 1978. Paleoatmospheric temperature struc- 
ture. Icarus 33: 40-49. 
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Negron-Mendoza, A. and C. Ponnamperuiua*. 1978. Interconversion of 

biologically important carboxylic acids, by radiation. In: H. Noda, 

ed. Origin of Life . Proceedings of the Second ISSOL Meeting the 
Fifth ICOL Meeting. Tokyo: Center for Academic Publications Japan/ 
Japan Scientific Societies Press, pp. 101^104. 


Nooner, D.W. and J. Oro*. 1978. Synthesis of fatty acids by a closed 
system Fischer-Tropsch process. Preprints, Division of Petroleum 
Chemistry, ACS 23: 624-631. 

Oro*, J., E. Sherwood, J. Eichberg, and D. Epps. 1978. Formation of 
phospholipids under primitive Earth conditions and the role of mem- 
branes in prebiological evolution. In: D.W. Deamer, ed. Light 

Transducing Membranes: Structure, Function, and Evolution . New 
York: Academic Press, pp. 1-19. 

Oyama*, V.I., B.J. Berdahl, F. Woeller, and M. Lehwalt. 1978. The 

chemical activities of the Viking biology experiments and the argu- 
ments for the presence of superoxides, peroxides, Y"^e 203 and carbon 
suboxide pol 3 mier in the Martian soil. In: R. Holmquist, ed. Life 

Sciences and Space Research, Volume 16 . Proceedings of the Open 
Meeting of the Working Group on Space Biology of the Twentieth 
Plenary Meeting of COSPAR, Tel Aviv, Israel, June 7-18, 1977. New 
York: Pergamon Press, pp. 3-8. 

Pollock, G.E. and K.A. Kvenvolden^. 1978. Stereochemistry of amino 
acids in surface samples of a marine sediment. Geochimica et 
Cosmochlmlca Acta 42: 1903-1905. 


Ponnamperuma* , C. 1978. Comparative Planetology . Proceedings of the 
College Park Colloquia on Chemical Evolution, College Park, Maryland, 
September 29 - October 1, 1976. New York: Academic Press. 

Ponnamperuma* , C. 1978. Cosmochemistry and the origin of life. In: 

W.O. Milligan, ed. Proceedings of the Robert A. Welch Foundation 
Conferences on Chemical Research. XXI. Cosmochemistry . Houston: 
Robert A. Welch Foundation, pp. 137-197. 


Ponnamperuma^ , C . 
1437: 48. 


1978. The origin of life in the universe. EPOCA 


Ponnamperuma’^ , C . 
6 - 12 . 


1978. Our most remote ancestors. Chemistry 51(9): 


Ponnamperuma* , C. 1978. Prebiotic molecular evolution. In: H. Noda, 

ed. Origin of Life . Proceedings of the Second ISSOL Meeting the 
Fifth ICOL Meeting. Tokyo: Center for Academic Publications Japan/ 
Japan Scientific Societies Press, pp. 67-81. 
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Ponnamperiima*, C. , A. Shimoyama, M. Yamada, T. Hobo, and R. Pal. 

1978. Possible surface reactions on Mars: II. Implication for 
Viking labeled release results. In: H. Noda, ed. Origin of 

Life . Proceedings of the Second ISSOL Meeting the Fifth ICOL 
Meeting. Tokyo: Center for Academic Publications Japan/Japan 
Scientific Societies Press, pp. 45-49. 

Rushneck, D.R., A.V. Diaz, D.W. Howarth, J. Rampacek, K.W. Olson, 

W.D. Dencker, P. Smith, L. McDavid, A. Tomassian, M. Harris, 

K. Bulota, K. Biemann*, A. LaFleur, J.E. Biller, and T. Owen. 

1978. Viking gas chromatograph-mass spectrometer. Review of 
Scientific Instruments 49(6): 817-834. 

Sagan*, C. 1978. Eavesdropping on galactic civilizations. Science 
202: 374-375. 

Sherwood, E., D.W. Nooner, J. Eichberg, D.E. Epps, and J. Oro*. 1978. 
Prebiotic condensation reactions using cyanamide. In: H. Noda, 

ed. Origin of Life . Proceedings of the Second ISSOL Meeting 
the Fifth ICOL Meeting. Tokyo: Center for Academic Publications 
Japan/Japan Scientific Societies Press, pp. 105-111. 

Shimoyama, A., N. Blair, and C. Ponnamperuma*. 1978. Synthesis of 
amino acids under primitive Earth conditions in the presence of 
clay. In: H. Noda, ed. Origin of Life . Proceedings of the 

Second ISSOL Meeting the Fifth ICOL Meeting. Tokyo: Center 
for Academic Publications Japan/Japan Scientific Societies Press, 
pp. 95-99. 

Sleeper, H.L., R. Lohrmann, and L.E. Orgel*. 1978. Formation of the 
imldazolides of dinucleotides under potentially prebiotic 
conditions. Journal of Molecular Evolution 11: 87-93. 

Smith, D.H. and R.E. Carhart^. 1978. Structure elucidation based on 
computer analysis of high and low resolution mass spectral data. 
In: M.L. Gross, ed. High Performance Mass Spectrometry; Chemical 

Applications . Washington, D.C. : American Chemical Society, pp. 
325-347. (ACS S3miposium Series, No. 70) 

Smith, D.H. , W.J. Yeager, and T.C. Rindf leisch^* 1978. Exchange of 
comments : analysis of complex volatile mixtures by a combined 
gas chromatography - mass spectrometry - computer system. 
Analytical Chemistry 50: 1585. 

Tornabene, T.G., R.S. Wolfe, W.E. Balch, G. Holzer, G.E. Fox, and 
J. Oro*, 1978. Phytany 1-glycerol ethers and squalenes in the 
archaebacterium Methanobaateriion thermoautotrophieidm. Journal of 
Molecular Evolution 11: 259-266. 


, E.C., Principal Investigator 




West, M.W. , R.A. Koch, and S. Chang*. 1978. Chemical 
the origin of life. Bibliography supplement 1976. 
Life 9: 67-74. 


evolution and 
Origins of 
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Organic Geochemistry 


Awramik, S. and E.S. Barghoorn*. 1978. Bibliography of Precambrian 
paleontology and paleobiology. Harvard University Botanical 
Museum Leaflets 26: 65-175. 

Boon, J.J. , J.W. de Leeuw, and A.L. Burlingame^. 1978. Organic 
geochemistry of Walvls Bay diatomaceous ooze. III. Structural 
analysis of the monoenoic and polycyclic fatty acids. Geochimica 
et Cosmochimica Acta 42: 631-644. 

Boon, J.J., F.W. v.d. Meer, P.J.W. Schuyl, J.W. de Leeuw, P.A. Schenck, 
and A.L. Burllngamel. 1978. Organic geochemical analyses of 
core samples from Site 362, Walvis Ridge, DSDP Leg 40. In: H.M. 

Bolli, W.B.F. Ryan, et al. , eds. Initial Reports of the Deep Sea 
Drilling Project, Volume 40 . Washington, D.C. : U.S. Government 
Printing Office, pp. 627-638. 

Bowes, G.W. , M.J. Mulvihill, B.R.T. Slmoneit, A.L. Burlingame^, and 
R.W. Risebrough. 1978. Isolation and identification of 
chlorinated dlbenzofurans from polychlorinated biphenyls (PCB) and 
from Yusho rice oil containing PCB. In: F. Cattabeni, A. Cavallaro, 

and G. Galli, eds. Dioxin: Toxicological and Chemical Aspects . 
Workshop on Dioxins, Milan, Italy, October 23-24, 1976. Jamaica, 

New York: Spectrum, pp. 79-98. 

Brassell, S.C., G. Egllnton, J.R. Maxwell, and R.P. Philpl. 1978. 

Natural background of alkanes in the aquatic environment. In: 

0. Hutzinger, I.H. van Lelyveld, and B.C.J. Zoeteman, eds. 

Aquatic Pollutants: Transformation and Biological Effects . 2nd 
International Symposium on Aquatic Pollutants, Noordwijkerhout, 
Netherlands, September 26-28, 1977. New York: Pergamon Press, pp. 
69-86. 

Brooks, P.W. , J.R. Maxwell, and R.L. Patience^. 1978. Stereochemical 
relationships between phytol and phytanic acid, dlhydrophytol and 
Ci8 ketone in Recent sediments. Geochimica et Cosmochimica Acta 
42: 1175-1180. “ 

Burlingame^, A.L., C.H.L. Shackleton, I. Howe, and O.S. Chizhov. 1978. 
Mass spectrometry. Analytical Chemistry Reviews 50: 346R-384R. 


Calvin, M. and A.L. Burlingame, Co-Principal Investigators 
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Cardoso, J.N., A,M.K. Wardroper, C.D. Watts, P.J. Barnes, J.R. Maxwell, 

G. Eglinton, D.G. Mound, and G.C. Speersl, 1978. Preliminary 
organic geochemical analyses; Site 391, Leg 44 of the Deep Sea 
Drilling Project. In: W.E. Benson, R.E. Sheridan, et al. , eds. 

Initial Reports of the Deep Sea Drilling Project, Volume 44 . 
Washington, D.C.: U.S. Government Printing Office, pp. 617-623. 

Cardoso, J.N., C.D. Watts, J.R. Maxwell, R. Goodfellow, G. Eglinton, 
and S. Golubic^. 1978. A biogeochemical study of the Abu Dhabi 
algal mats: a simplified ecosystem. Chemical Geology 23: 273-291. 

Chauvel, J.J. and J.W. Schopf*. 1978. Late Precambrian microfossils 
from Brioverian cherts and limestones of Brittany and Normandy, 
France. Nature 275: 640-642. 

Didyk, B.M. , B.R.T. Simoneit, S.C. Brassell, and G. Eglinton^. 1978. 
Organic geochemical indicators of palaeoenvironmental conditions 
of sedimentation. Nature 272: 216-222. 

Francis, S. , E.S. Barghoorn*, and L. Margulis. 1978. On the 

experimental silicification of microorganisms. III. Implications 
of the preservation of the green prokaryotic alga FrooKlovon and 
other coccoids for interpretation of the microbial fossil record. 
Precambrian Research 7: 377-383. 

Francis, S., L. Margulis, and E.S. Barghoom*. 1978. On the 

experimental silicification of microorganisms. II. On the time 
of appearance of eukaryotic organisms in the fossil record. 
Precambrian Research 6: 65-100. 

Games, L.M. , J.M. Hayes*, and R.P. Gunsalus. 1978. Methane-producing 
bacteria: natural fractionations of the stable carbon isotopes. 
Geochlmica et Cosmochimica Acta 42: 1295-1297. 

Hayes*, J.M. , D.E. Matthews, and D.A. Schoeller. 1978. Effective 

deadtime of pulse-counting detector systems. Analytical Chemistry 
50: 25-32. 

Ishiwatari, R. , B.G. Rohrback, and I.R. Kaplan*. 1978. Hydrocarbon 

generation by thermal alteration of kerogen from different sediments. 
AAPG Bulletin 62: 687-692. 

Kerridge, J.F., I.R. Kaplan*, G.C. Kung, D.A. Winter, D.L. Friedman, 
and D.J. Des Marais. 1978. Light element geochemistry of the 
Apollo 12 site. Geochlmica et Cosmochimica Acta 42: 391-402. 
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Khare, B.N., C. Sagan, E.L. Bandurski, and B. Nagy*. 1978. Ultraviolet- 
photoproduced organic solids synthesized under simulated Jovian 
conditions: molecular analysis. Science 199: 1199-1201. 

Knoll, A.H. , E.S. Berghoorn*, and S.M. Awramik. 1978. New micro- 
organisms from the ^phebian Gunflint Iron Formation, Ontario. 

Journal of Paleontology 52: 976-992. 

Matthews, D.E. , K.B. Denson, and J.M. Hayes*. 1978. Evaluation of the 
dynamic performance of selected ion monitoring mass spectrometers. 
Analytical Chemistry 50: 681-683. 

Matthews, D.E. and J.M. Hayes*. 1978. Isotope-ratio-monltoring gas 
chromatography: mass spectrometry. Analytical Chemistry 50: 1465- 
1473. 

Mazur, P., E.S. Barghoom*, H.O. Halvorson, T.H. Jukes, I.R. Kaplan, 
and L. Margulis. 1978. Biological implications of the Viking 
mission to Mars. Space Science Reviews 22: 3-34. 

Patience, R.L. , S.J. Rowland, and J.R. Maxwell^. 1978. The effect of 
maturation on the configuration of pristine in sediments and 
petroleum. Geochimica et Cosmoschimica Acta 42: 1871-1875. 

Peters, K.E. , B.R.T. Simoneit, S. Brenner, and I.R. Kaplan*. 1978. 
Vitrinite reflectance-temperature determinations for intruded 
Cretaceous black shale in the Eastern Atlantic. In: D.F. Oltz, 

ed. Geochemistry; Low Temperature Metamorphism of Kerogen and 
Clay Minerals . Proceedings of the S 3 nnposium, Los Angeles, October 
5, 1978. Los Angeles: Society of Economic Paleontologists and 
Miner allsts, pp. 53-58. 

Philp, R.P., S. Brown, and M. Calvin^. 1978. Isoprenoid hydrocarbons 

produced by thermal alteration of Nostoo musoonon and Rhodopseudomonas 
spheroides- Geochimica et Cosmochimica Acta 42: 63-68. 

Philp, R.P. , S. Brown, and M. Calvin^. 1978. Saponification of the 
Insoluble organic residues from oil shales, algal oozes, and 
algae. Energy Sources 4(2): 113-123. 

Philp, R.P., S. Brown, M. Calvin^, S. Brassell, and G. Egllnton. 1978. 
Hydrocarbon and fatty acid distributions in recently deposited 
algal mats at Laguna Guerrero, Baja California. In: W.E. Krumbein, 

ed. Environmental Biogeochemistry and Geomicrobiology. Volume 1; 

The Aquatic Environment . Ann Arbor, Michigan: Ann Arbor Science 
Publishers, pp. 255-270. 
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Philp, R.P., M* Galvin^, S. Brown, and E. Yang. 1978. Organic geo- 
chemical studies on kerogen precursors in recently deposited algal 
mats and oozes. Chemical Geology 22: 207-231. 

Rohrback^, B.G. 1978. Hydrocarbon generation during laboratory 

thermal alteration experiments. In: D.P. Oltz, ed. Geochemistry: 

Low Temperature Metamorphism of Kerogen and Clay Minerals . Proceed- 
ings of the S 3 miposium, Los Angeles, October 5, 1978. Los Angeles: 
Society of Economic Paleontologists and Mineralists, pp. 47-51. 

Rohrback, B.G. and I.R. Kaplan*. 1978. The effects of source on 

production of low molecular weight hydrocarbons. In: D.F. Oltz, ed. 

Geochemistry: Low Temperature Metamorphism of Kerogen and Clay 
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Los Angeles: Society of Economic Paleontologists and Mineralists, 
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Schopf*, J.W. 1978. The evolution of the earliest cells. Scientific 
American 239(3): 110-134. 

Schopf*, J.W. 1978. On palaeobotany , palynology and related studies in 
China, 1978. International Organization of Palaeobotany Newsletter 
7: 10-22. 

Schopf*, J.W. 1978 . Stromatolites. In: M.R. Walter, ed. Sedimentary 

Geology . Amsterdam: Elsevier/North-Holland Biomedical Press, pp. 
316-318. (Developments in Sedimentology , Vol. 20) 
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spectrometry of the free benzo[ a] pyrene diol epoxide adducts of DNA. 
In: A.G. Harrison, ed. Mass Spectrometry and Allied Topics . Proceed- 

ings of the 26th Annual Conference, St. Louis, Missouri, May 1978. 

St. Louis: American Society for Mass Spectrometry, pp. 499-501. 
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